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Abstract: Rhubarb is widely used in the treatment of obstipation, gastrointestinal indigestion and other diseases in China 
and other Asian countries for thousands of years. Anthraquinones are the major group of polyphenol constituents 
including aloe-emodin, rhein, emodin, chrysophanol and physcion. In order to evaluate the pharmacokinetics of five 
rhubarb anthraquinones, a high-performance liquid chromatography with fluorescence detection (HPLC-FLD) method 
for simultaneous determination of aloe-emodin, rhein, emodin, chrysophanol and physcion in dog plasma was 
established. Solid phase extraction (SPE) was applied to the extraction and purification of samples. The calibration 
curves of five anthraquinones showed good linearity with r greater than 0.9925. The average extraction recoveries, 
examined at three concentration levels, carried from 92.1% to 102.3%, and the accuracies ranged from 87.7% to 102.5% 
with precision (RSD) <10%. The pharmacokinetic paremeters of five anthraquinones were investigated systematically 
after orally administration the rhubarb extract. Five anthraquinones were rapidly absorbed and Tmax for aloe-emodin, 
rhein, emodin, chrysophanol and physcion was at 0.75, 1.50, 0.75, 1.0 and 2.0 h respectively. The Cmax of five 
anthraquinones was 0.031, 3.39, 0.27, 0.036 and 0.032 µg/mL while the AUC of five anthraquinones was 0.35 ± 0.058, 
32.22 ± 8.29, 2.97 ± 0.66, 0.43 ± 0.10 and 0.41 ± 0.12 mg h/L, respectively. 
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INTRODUCTION 
 
Rhubarb is dried Rhei Radix et Rhizome of Rheum 
palmatum L., Rheum tanguticum Maxim. ex Balf., or 
Rheum officinale Baill (National Commission of Chinese 
Pharmacopoeia, 2010). It has been widely used in the 
treatment of obstipation, gastrointestinal indigestion, 
diarrhea and jaundices in China and other Asian countries 
for thousands of years (Tang and Eisenbrand 1992; 
Newall et al., 1996). The main active components in 
rhubarb are aloe-emodin, rhein, emodin, chrysophanol, 
physcion (structures shown in fig. 1) and their glucosides. 
Numerous studies reported that the anthraquinones 
exhibited various bioactivities such as antifungal 
(Agarwal et al., 2000), antimicrobial (Hsiang and Ho, 
2008), antitumour (Koyamaa et al., 2002, Su et al., 2005, 
Huang et al., 2007), antioxidant (He et al., 2009, Iizuka et 
al., 2004, Kim et al., 2010, Hsu et al., 2007) and 
antihuman cytomegalovirus activity (He et al., 2010). In 
recent years, a great amount of works has been done on 
rhubarb anthraquinones (Li et al., 2005, Li et al., 2010, Li 
et al., 2011, Liu et al., 2010). The found that rhubarb 
anthraquinones possessed of protective effects against 
focal cerebral ischemia by decreasing plasminogen and 

fibrinogen, prolonging blood coagulation or resisting the 
aggregation and adhesion of platelet. Therefore, it is 
necessary to monitor the plasma pharmacokinetics of five 
rhubarb anthraquinones in animals. 
 
Various bioanalytical methods have been reported for the 
quantification of rhubarb anthraquinones including high-
performance liquid chromatography coupled with 
ultraviolet detection (Tang et al., 2007, Shia et al., 2011, 
Ding, et al., 2003, Shia et al., 2009) and fluorescence 
detection (Yan et al., 2007, Zaffaroni et al., 2003). HPLC 
methods coupled with mass spectrometry (HPLC-MS) 
(Layek et al., 2008) for quantitation of rhein in human 
plasma has also been published previously. Although 
HPLC-MS offers excellent selectivity and sensitivity and 
shorter analysis time than HPLC methods, it requires 
relatively expensive instrumentation and highly skilled 
technical expertise. Moreover, anthraquinones display 
strong fluorescence properties and thus more readily 
detected using a fluorescence detector without the need 
for lengthy derivatization procedures. In addition, the 
previous researches mostly concentrated on the 
pharmacokinetic studies of parts of rhubarb 
anthraquinones. As the pharmacological actions of 
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rhubarb compounds were attributable to a synergistic 
effect of multiple components and therefore it is of great 
importance to the determination of multiple components 
of rhubarb entering into the body for evaluating the 
efficacy and investigating the action mechanism. 
Furthermore, although much attention had been paid to 
the pharmacokinetics of anthraquinones in rats or mice, 
no information on the pharmacokinetic study of five 
rhubarb anthraquinones in dogs had been reported in 
detail. 
 
The aim of this study was to establish a sensitive HPLC-
FLD method for the quantification of aloe-emodin, rhein, 
emodin, chrysophanol, physcion in dog plasma. SPE was 
applied to extract and purify of five analytes in biological 
samples. The reliable SPE-HPLC-FLD method showed a 
high sensitivity and good resolution and was suitable for 
the determination of rhubarb anthraquinones in dog 
plasmas. The validated method was successfully applied 
to the pharmacokinetic studies of five rhubarb 
anthraquinones in beagle dogs after oral administration of 
rhubarb extract. 
 
MATERIALS AND METHODS 
 
Chemicals and reagents 
The reference standards of aloe-emodin, rhein, emodin, 
chrysophanol, physcion and 1, 8-dihydroxyanthraquinone 
(internal standard, IS) were all purchased from the 
National Institutes for Food and Drug Control (purity 
>98%) (Beijing, China). SPE cartridges (C18, 3 mL, 
packed with 200 mg of 50 µm particle sizes) were 
purchased from Bonna-Agela Technologies (Tianjin, 
China). HPLC grade methanol was purchased from 
Dikma Technology Inc. (Beijing, China). Purified water 
was obtained from a Millipore Milli-Q system (Bedford, 
MA, USA). All other reagents used in this study were all 
of analytical grade. Rhubarb extract was prepared in our 
laboratory. The contents of aloe-emodin, rhein, emodin, 
chrysophanol and physcion in the rhubarb extract were 
87, 115, 231, 263 and 176 mg/g, respectively. 
 
Chromatographic conditions 
The HPLC system (Waters, USA) consists of 2695 
separation module, 2475 fluorescence detector and 
Empower 2 chromatography analytical workstation. The 
chromatographic separation was performed on a Venusil 
XBP C18(L) column (4.6 × 250 mm, 5 µm, Bonna-Agela 
Technologies, Tianjin, China) protected by a Waters 
security guard C18 column (4.6 × 20 mm, 5 µm). The 
mobile phase consisted of a mixture of methanol-0.1% 
phosphoric acid water (75:25, v/v) at a flow rate of 1.0 
mL/min. Column temperature was maintained at 30°C. 
The column eluent was monitored with a fluorescence 
detector at wavelengths of 435 nm and 515 nm for 
excitation and emission, respectively. 
 

Preparation of plasma sample 
The solid-phase extraction method was used for 
extraction and pre-concentration of anthraquinones from 
dog plasma. SPE cartridges were equilibrated with 2 mL 
methanol and 2 mL purified water. 200 µL plasma, 25 µL 
IS and 2 mL methanol was vortexed quickly for 5 min 
and then centrifuged at 12,000 rpm for 15 min at 4 ˚C 
(Refrigerated Centrifuge 3-18k, Sigma, German). As 
finished, the supernatant was collected with a clean tube 
carefully and diluted with water containing 0.1% 
phosphoric acid. Then the mixture was loaded into the 
cartridge. After washing the SPE column with 2 mL 
purified water, the analytes were eluted with 2 mL 
methanol. Afterward, the eluate was evaporated to 
dryness under a stream of nitrogen at room temperature. 
Finally, the residue was dissolved in 100 µL methanol and 
20 µL of the mixture was injected into HPLC system for 
analysis. 
 
Preparation of standards and quality control solutions 
Stock solutions of aloe-emodin, rhein, emodin, 
chrysophanol, physcion and 1, 8-dihydroxyanthraquinone 
(IS) were prepared in methanol separately at 
concentrations of 5.55, 39.0, 7.35, 5.10, 5.90 and 1.6 
µg/mL. 
 
The quality control (QC) samples were prepared at high, 
medium and low concentrations of five anthraquinones. 
The concentrations were 11.4, 28.4 and 71.0 ng/mL for 
aloe-emodin, 31.9, 1248 and 3900 ng/mL for rhein, 37.6, 
94.1 and 588.0 ng/mL for emodin, 10.4, 65.3 and 163.2 
ng/mL for chrysophanol and 12.1, 30.2 and 188.8 ng/mL 
for physcion with six replicates for each concentration. 
All plasma samples were processed according to the 
procedure described above. 
 
Method validation 
Selectivity 
The selectivity of the method was evaluated by comparing 
the chromatograms of blank plasma, standard sample, 
spiked plasma and plasma after oral administration of 
rhubarb extract. 
 
Linearity and sensitivity 
Calibration standards of the mixture anthraquinones were 
prepared by spiking the standard mixture working 
solutions into 200 µL blank plasma in a tube containing 
25 µL I.S. The linearity of calibration curve was prepared 
by plotting the peak area ratio versus the concentration of 
five anthraquinones. The calibration curves of aloe-
emodin, rhein, emodin, chrysophanol and physcion were 
linear over the range of 11.4-1110, 31.9-7800, 37.6-1470, 
10.4-1020, and 12.1-1180 ng/mL, respectively. The limit 
of quantification (LOQ) was established as the lowest 
concentration on the calibration curve which can be 
measured with acceptable precision and accuracy. The 
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limit of detection (LOD) was defined as the amount that 
could be detected with a signal-to-noise ratio of 3. 
 
Precision and accuracy 
To evaluate the precision and accuracy of the method, QC 
samples at three concentration levels were analyzed in six 
replicates on the same day and on five consecutive 
validation days, respectively. The results of the intra-day 
and inter-day precisions were presented with the relative 
standard deviation (RSD %), whilst percentage difference 
between amount spiked and determined was taken as the 
measures of accuracy. 

Extraction recovery and stability 
The recovery of five anthraquinones from plasma at three 
different concentrations was calculated by comparing 
peak area ratios with QC samples. It was evaluated by 
analyzing six replicates of each QC samples. The 
recovery of IS was evaluated in a similar way. 
 
The stability of anthraquinones in dog plasma was 
evaluated under a variety of storage and handling 
conditions with the low, medium and high QC samples. 
Freeze-thaw stability was tested by conducting three 
freeze (−20°C)/thaw (room temperature) cycles on 

Table 1: Intra-day and inter-day accuracy and precision of anthraquinones in dog plasma (n =five days and six 
replicates per day) 
 

Intra-day Inter-day 

Anthraquinones 
Spiked 

concentration 
(ng/mL) 

Measured 
concentration 
(ng/mL, mean      

± SD) 

Accuracy 
(%) 

RSD 
(%) 

Measured 
concentration 
(ng/mL, mean 

± SD) 

Accuracy 
(%) 

RSD 
(%) 

11.4 10.0 ± 0.68 87.7 6.81 10.1 ± 0.64 88.7 6.36 
28.4 26.4 ± 1.53 93.0 5.77 26.5 ± 1.50 93.3 5.67 Aloe-emodin 
71.0 67.7 ± 3.46 95.3 5.11 64.4 ±3.33 90.6 5.17 
31.9 31.2 ±2.01 97.9 6.45 30.0 ± 2.04 94.2 6.78 
1248 1231.9 ± 54.1 98.7 4.39 1267.4 ± 58.7 101.6 4.63 Rhein 
3900 3950.2 ± 195.8 101.3 4.96 3997.1 ± 148.7 102.5 3.72 
37.6 35.3±1.91 94.0 5.40 35.4 ± 2.06 94.1 5.81 
94.1 90.2 ± 5.75 95.8 6.38 89.3 ± 5.53 94.9 6.19 Emodin 

588.0 560.0 ± 26.7 95.2 4.77 559.3 ± 32.0 95.1 5.73 
10.4 9.9 ± 0.71 95.2 7.17 9.7 ± 0.73 93.4 7.49 
65.3 63.1 ± 3.54 96.6 5.62 64.1 ± 4.14 98.2 6.45 Chrysophanol 

163.2 158.6 ± 7.98 97.2 5.03 157.3 ± 8.29 96.4 5.27 
12.1 10.7 ± 0.83 88.3 7.80 11.4 ± 0.92 93.9 8.06 
30.2 29.2 ± 1.88 96.6 6.44 28.5± 1.96 94.3 6.90 Physcion 

188.8 178.6 ±8.31 94.6 4.65 184.6± 10.0 97.8 5.44 
 
Table 2: Stability of five anthraquinones in dog plasma under indicated storage conditions (mean ± SD, n = 6). 
 

Anthraquinones Spiked concentration 
(ng/mL) 

Three freeze-thaw 
cycles 

Storage at -20°C to 
30 days 

Auto-sampler   
4°C for 12 h 

11.4 93.2± 7.12 91.6 ± 6.71 93.8±5.72 
28.4 97.6± 4.82 95.3± 8.02 97.4± 6.82 Aloe-emodin 
71.0 96.8± 6.15 96.3 ± 8.32 96.9± 4.15 
31.9 95.4± 6.27 93.6 ± 9.05 96.1± 8.74 
1248 102.1± 8.03 98.5 ± 5.97 101.1± 6.83 Rhein 
3900 98.3± 4.84 101.4 ± 4.43 99.2± 5.39 
37.6 94.2± 6.68 96.3 ±5.82 92.2± 4.18 
94.1 94.7± 5.08 97.2 ± 7.71 99.4± 7.29 Emodin 

588.0 92.5± 5.27 96.1 ± 4.94 98.9± 5.97 
10.4 95.4± 6.84 94.8 ± 7.70 95.2± 8.89 
65.3 98.6 ± 7.73 92.4 ± 6.86 94.7 ± 6.11 Chrysophanol 

163.2 95.8± 4.11 97.1 ±5.22 95.3± 4.94 
12.1 94.6± 5.18 92.8 ± 7.25 93.4± 8.38 
30.2 94.1± 4.23   91.6± 6.27 93.5± 5.92 Physcion 

188.8 93.7± 6.98 95.2 ± 3.76 97.0± 7.72 
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consecutive days. The post-preparation stability was 
examined by determining the extracted QC samples 
stored in the auto-sampler (4°C) for 12 h. The storage 
stability was evaluated by using QC plasma samples 
stored at −20°C for 30 days. A stability/reference samples 
ratio of 85-115% was accepted as the stability criterion. 
 
Pharmacokinetic study 
Six male beagle dogs (7-8 months old, 7.2-10.5 kg) were 
purchased from the Laboratory Animal Center of Suzhou 
Xishan Zhongke Limited Company (Certificate No. 
SCXK2007-2008). Prior to administration, each dog was 
fasted with free access to water for 12 h and then orally 
administered rhubarb extract (150 mg/kg). Blood sample 
from the dog forelimb veins about 0.5 mL was drawn into 
a heparinized tube at the time point of 0, 0.083, 0.25, 0.5, 
0.75, 1.0, 1.5, 2.0, 3.0, 4.0, 6.0, 8.0, 12.0, 24.0 and 36.0 h 
after oral administration. All blood samples were 
immediately centrifuged and the supernatant was stored at 
−20°C until analysis. The study protocol was approved by 
the Institutional Animal Care and Use Committee of 
Zhengzhou University. 

The main pharmacokinetic parameters, such as t1/2 (the 
biological half-life), CL (total plasma clearance) and 
AUC (under the plasma concentration-time curve) were 
calculated by the non-compartmental method with the aid 
of the Drug and Statistics 2.0 (DAS2.0) (Mathematical 
Pharmacology Professional Committee of China, 
Shanghai, China). Cmax (the peak plasma concentration) 
and Tmax (the time to reach peak concentration) values 
were obtained directly from the observed concentration vs 
time data. 
 
RESULTS 
 
Selectivity 
The representative chromatograms of five anthraquinones 
and IS are shown in fig. 2. The results indicated that the 
five anthraquinones and IS was not detected in blank 
plasma and could be well separated and detected in spiked 
plasma and plasma after oral administration of rhubarb 
extract. 
 
 

Table 3: Pharmacokinetic parameters of five anthraquinones in beagle dogs after a single oral dose of the rhubarb 
extract (mean ± SD, n = 6). 

Parameters Aloe-emodin Rhein Emodin Chrysophanol Physcion 
AUC(0-t) (mg h /L) 0.35 ± 0.058 32.22 ± 8.29 2.97 ± 0.66 0.43 ± 0.10 0.41 ± 0.12 
AUC(0-∞)  (mg h /L) 0.42 ± 0.083 35.15 ± 10.23 4.05 ± 0.94 0.54 ± 0.14 0.48 ± 0.14 
Cmax (mg/L) 0.031 ± 0.005 3.39 ± 0.43 0.27 ± 0.061 0.036 ± 0.009 0.032 ± 0.006 
Tmax (h) 0.75 ± 0.11 1.50 ± 0.20 0.75 ± 0.16 1.00 ± 0.25 2.00 ± 0.26 
t1/2 (h) 14.73 ± 6.52 10.11 ± 2.29 18.73 ± 3.82 15.18 ± 2.92 13.08 ± 2.19 
CL (L/h/kg) 61.63 ± 10.47 0.98 ± 0.22 17.12 ± 5.53 146.61 ± 47.18 109.53 ± 33.36 

Vd (L/kg) 1309.86 ± 
555.46 14.33 ± 3.03 462.72 ± 

123.65 
3210.97 ± 

800.29 
2067.15 ± 

656.96 
 

 
 
Fig. 1: The chemical structure of five anthraquinones. 
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Linearity and sensitivity 
To evaluate the linearity of the method established, the 
calibration curves were calculated plotting the peak area 
ratios against the analyte concentrations. The calibration 
curves were y = 0.2850 + 0.0021x (r=0.9976), y = 0.1289 
+ 0.0013 x (r=0.9991), y = 0.5964 + 0.0050x (r=0.9925), 
y = 0.2867 + 0.0028x (r=0.9952) and y = 0.2594 + 
0.0016x (r=0.9938) in the content range for aloe-emodin, 
rhein, emodin, chrysophanol and physcion. The LOD are 
estimated to be 3.8, 10.6, 12.5, 3.5 and 4.0 ng/mL and the 
LOQ are 11.4, 31.9, 37.6, 10.4 and 12.1 ng/mL, 
respectively. 
 
Precision and accuracy 
Precision was evaluated as the relative standard deviation 
(RSD %) and the results are listed in table 1. The intra- 
and inter-day precision ranged 4.39-7.80 and 3.72-8.06, 
respectively. The accuracy derived from QC samples was 
between 87.7% and 102.5% for all the QC levels of five 
analytes. The results indicated that the precision and 
accuracy of the method was acceptable in dog plasma. 
 
Recovery and stability 
The mean recoveries of five anthraquinones in dog 
plasma at three different spiked concentration levels were 
found to be in the range of 92.1-97.1%, 95.2-102.3%, 

94.4-97.7%, 93.1-95.2% and 93.4-96.0% for aloe-emodin, 
rhein, emodin, chrysophanol and physcion, respectively. 
The RSDs were less than 9.01%. The recovery of the IS 
was 95.7 %. 
 
Table 2 indicated that the accuracies of five analytes in 
dog plasma were in the range of 91.6-102.1% for three 
freeze-thaw cycles, 12 h in the auto-sampler (4˚C) and 30 
days at −20˚C. The results suggested that the 
anthraquinones were stable and no significant 
degradations were observed over the process under 
indicated storage conditions. 
 
DISCUSSION 
 
The proposed method was successfully applied to the 
pharmacokinetic study in beagle dogs after oral 
administration of rhubarb extract. The concentration-time 
profile of the five anthraquinones is illustrated in fig. 3 
and the main pharmacokinetic parameters are presented in 
table 3. 
 
As shown in fig. 3, five compounds were rapidly 
absorbed and the Tmax peaked at 0.75, 1.50, 0.75, 1.0 and 
2.0 h for aloe-emodin, rhein, emodin, chrysophanol and 
physcion respectively after oral dose of 150 mg/kg 

 
Fig. 2: HPLC Chromatograms of dog plasma samples: (A) blank plasma; (B) standard sample; (C) plasma spiked with
aloe-emodin (1), rhein (2), internal standards (I.S.), emodin (3), chrysophanol (4) and physcion (5); (D) plasma sample
collected at 1 h in beagle dogs after oral administration of rhubarb extract. 
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rhubarb extract. The Cmax was 0.031, 3.39, 0.27, 0.036 and 
0.032 µg/mL while half-life (t1/2) values were 14.73, 
10.11, 18.73, 15.18 and 13.08 h for aloe-emodin, rhein, 
emodin, chrysophanol and physcion, respectively. 

It can be seen from table 3 that the pharmacokinetic 
parameters such as Tmax, Cmax, t1/2 and AUC of five 
anthraquinones were significant different. Tmax of rhein 
and physcion was longer than those of aloe-emodin, 

 
Fig. 3: Mean concentration–time profiles of five anthraquinones in beagle dogs. 
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emodin and chrysophanol whereas t1/2 of rhein was much 
shorter than other four components. For instance, t1/2 of 
rhein was nearly a half of that of emodin and the 
clearance of rhein was much quick correspondingly.The 
peak concentration and AUC of rhein were more than 10 
times higher than emodin and 100 times higher than aloe-
emodin, chrysophanol and physcion. This implied that 
rhein might be the most important active compound 
absorbed in the body among five anthraquinones. These 
results are in accordance with the findings of previous 
studies (Yan et al., 2009; Tang et al., 2007). The unusual 
higher concentration of rhein may be accounted for the 
presence of aloe-emodin and chrysophanol, which could 
be oxidized and converted to rhein and rhein 
glucuronide/sulfate conjugates (Mueller et al., 1998; Song 
et al., 2009), and there is no evidence to show that rhein 
reduces to aloe-emodin or emodin(Krumbiegel and 
Schulz, 1993 ). 
 
CONCLUSION 
 
A selective and sensitive HPLC-FLD method was 
proposed to evaluate the pharmacokinetics of five rhubarb 
anthraquinones in dogs. SPE was employed for the 
extraction and purification of the five components from 
plasma samples. The method offered high extraction 
recoveries and good accuracy and precision and was 
suitable for biological samples analysis. Experimental 
results showed that rhein had the higher concentration in 
plasma than other four rhubarb anthraquinones which 
indicated rhein might be the most important active 
compound absorbed in the body among five rhubarb 
anthraquinones. The present pharmacokinetic study of 
five rhubarb anthraquinones in dogs will provide helpful 
information for the clinical applications. 
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